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AEROSOL GENERATING DEVICE AND METHOD OP USE THEREOF 
BACKGROUND 

(0001) Aerosols are gaseous msprtgkrm af fme solid or liquid paxtkks. 
Am^ are oxefnl fa a wide variety of applications. For example, awltattd 
liquids car be »t mm r w r rri faKTOsol fbnn. Mrd Scared aerosob rnrfmtr 
materials ibm xsx oxeM a toe atatatm al mpfaxtoiy tflmena. lomch 
applofloas. (be xerasols ssay be proAxced by to aerosol tenemor sod mbxlsd 
into 1 patient's hnxx. Aerosols are iho used is rno-iaedicnal sy ^mttio as 



[0004] Other exrmpbjry szxoso) xcaaiton inchzdnix 1 hated tube for va pori l ing 

U.S. Pxteal Aexdiextktt Nets. 09/956.966 filed September 21. 2001 tod 
10/003.437 filed Deoexobcr 6. 2001. ind b commonly ssxjxwl U^. Puna No. 
6,234, 167, the dinlreinc of each beiog lucorporsred herem by reference in its 



SUMMARY 



[0005) An 



[0002] Aerosol genemon ire known thai acrade » healed tnbe far vaporizins; 
liquid. For example, commonly suixned U^. Parm No. 3.743.231, which b 
IflOOXpoTBBd herein by reference in frs cmiroy, d 
iachxlini 1 wbe tad a hater operable to hen the mbe to • s 
to Tohailize Uqsxl in the tube. The vobctQized mzreml ezpindi out of to end of 
the tube sad with mbicM six , thereby fonntnz xo aerosol. 

[0003] As shows fa Ft|. 1. c aerosol generetnr 21 dnrtmrrt in U^. Puem No. 
5.743.251 fachxies 1 tube 23 defmfaj ■ cxpilkry sized finid passage ml bavin, 
xs open ml 25. A b e am 27 b portioned adfaoem to the mbe 23. The beater 27 
a canzcend to a poser supply 29. The oibe 23 «lso fachsdes an inks end 31 fa 
fluid > f .. » 'i ni ,i W i tW»i wbh 1 sooroe 33 of tsasid aaxerbL In opeiiti o n , liquid b 
fagodnoad can the ahe 2? The heater 27 bens a p or ti on of the mbe 23 ma 
mffttkedy high mu+AiimJL a wotoflixe the Uqnid. The votxdlized matrrtsl 
expanlj om of the open end 23 of the tnbe. The volatilized a 
3 to (arm a crmrtra 



[0006) An onbodimcst of an aerosol pnoatfag device comprises a ttqosd source 
■nd a flow passage faefadfax an oodet bcJoo fa fluid r o snmnrriraTka wiih the 
liquid source. A heater b disposed to ben liquid fame flow passage m produce 
vapor. The outfet section b cenfieured ro chxnje the vefaciiy of vapor in the Dow 
pasaaxe such that the vapor exits the outlet section at a rrtmrnnoil exit velocity. 
The vapor b admixed with sir to produce an aerosol site eaJriag (be ante 



(0007) The ootid Mxxfao of (he flow passage can be confixmrd cither to 
increase, or to decrease, the exit velocity of (be vapor. By mnr r nfl t rpj the exn 
velocity of (be vapor, the aerosol xcsxrxtfasj device can produce aerosols having • 
continued particle size from various Ikprkb^ The portion of the flow passage 
heated by the heater b pr e fe r a bly capillary sized. 
[0008] An r»H w r * i, y fir^'^'Ty fW of a "w*t**i of generating an aerosol 
cxnxpri ia sapplyfai a liarid to ■ flow passage inrtnding an ootkr sectioa; heating 
Eqnal in the Cow passage m produce a vapor, and damgfag rbe vefacry of the 
vapor fa the flow in rbe ondet seetsoo such that the vapor exits (he outfet 
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section at a controlled exit velocity. The vapor exiling ihe outlet section b 



DRAWINGS 

[0009) Figure 1 Uhntnaa an aerosol gnmilm taring a baud capillary passage 
according to the prior an. 

[0010] figure 1 b a pmpecri ve view of an ernbedirnent of hand-held aeroaol 

fexjeraimg device (inhaler) wrib the cap removed. 

[0011] Figure 3 shows the aerosol generating device of Figure 2 with the cap 



[0012) Figure* 

[0013) Figure 5 uTusuates an 



of ana 

cf the fluid delivery as atsabl y of the 



toadarged croavsecttooal area according to a first cmbodczsnl. 

(001 5] Figure 7 Uhatrstes a cap31zry passage exhaling an oudet section having 

a redaced cros*<ectional area accor din g to a sesood emb o diuri tt. 

[0016] Figure 8 illustrates I one-piece capillary passage including aa outlet 

section according to l third embodiment. 

[0017) Figure 9 Utastraaa i one-piece capillary passage mdnding aa outlet 
[0018] Figure 10 Illustrates an ord>odimern of the capillary passage mrrHrtin g 



[0019) Figure 1 1 ilhntrates die relationship between the mass m 
diameter (MMAD) of aerosol putkJej and the inverse Of the exit velocity of 
vapor used to farm acrosoij generated from pTopyfcne glycol 



[00201 Figure 12 uTnsrrates the relanocflhip between the MMAD of aerosolized 
propylene glycol (PG) and the percentage of otiyi alcohol (OA) in the propylene 
glycol 

[0021] Figure 13 illustrates die relationship between the MMAD of aerosolized 
oleyt alcohol and die percentage of oleyl alcohol hi propylene gtyool. 

DETAILED DESCRIPTION 
[0022] An aerosol g ener at ing device b provided. The aerosol generating device 
can have different constructiora and sizes and can be used to produce eerosob 
having different particle sues. 

[0023 1 The aerosol gene rating device can produce auuiols having controlled 

, for drug 

•x 

(MMAD) of an aerosol depends on the portion of the lung to which (he aerosol b 
desired to be delivered. Generally, eerosob having a smaller MMAD are capable 
of deeper htng paaetxitjoa than aerosol s having i larger MMAD. The aerosol 
genu sung device can produce aerosols having a controlled particle cze that b 
effective to efficiently deliver drug formulations to selected regions of (be lung. 
[0024] In a preferred ernbodiroc ut of (he aerosol generating device, a medicated 
liquid is flowed through a capillary sized flow passage in which the liquid is 

the flow pattagr and admixes with gas. typically ambient air, to pro duce an 
aerosol, which b inhaled by a user. The sire of the aerosol particles thus 
produced can be controlled for delivery to a targeted region of the htng. 
[0025) Figures 2-4 illustrate an exemplary embodiment oLan aerosol generating 
device 100. The aerosol general nrg device 100 includes a noosing 102; a 
removable protective cap 104, which activates a mas t er on/off switch, (not 



KT/U$moM>2TT» 



shown); a flmd delivery assembly 1 ID inchading a liquid source 106 and a heater 
unit 130; a display 114; a battery unit 116; a charging jack 118; control 
1 120; a pressure sensor 122; an air inlet 124; a release 126 tor 
the fhrid delivery assesnhty 1 10 from the aerosol gtravatrcg device 100; 

removable mnflhpxcc 134. Figure 2 shows the cap 104 removed from the 
aerosol generating device 100, while figure 3 shows (he cap installed. 

(0026) The bousing 102, cap 104, and nawiTtiprffr 134 are preferably made of a 
polymeric material. These parts may be (abricatnd by plastic bojecrion coolding. 
or by any other suioble technique. The boosing 102 can be fabricated in an 
crgcermetric configuration (hat b comfortable to bold by a user. 

(0027) In a preferred fl'iN'pdlfTWff t the Quid delivery assembly 1 10 b removably 
anachabk to a pcation of the aerosol etaMing devke 100 by any suitable 

aaa. For ruamrde, the Onid delivery assembly 1 10 can be 

A f wwwtwfiWI r^ysnj^ pw* «« ■ mtp.fit f^«pw» t rtr tty m. wifl. 

. For eaarnpae, cora Joct ive c orruct s (out shown) can be provided in 
the f f i ' p,w t I ■jeoerating device to make cJtct r iral *Ti\ ttrt with the beater anil 130, 
when (he fhrid delivery assembly 1 10 b attached to (he aerosol gTrrmfng drvke. 
In kh± ernrxxlcnents, rhe Omd delivery assembly 1 10, which rhcfnrVs the wetted 
"^'H-r"! ff ir w " rin B ***** m te fgpboed in the vapor 

£ wwrat i^ device as a r+r 1 ** una As described below, rhe fluid delivery 
assembly MOatn provkleaerosotaha^ng a contxo&ed cartidesize. Different 
fhiid id' s ^rf CJcmMxa 1 10 that am prorvie acmsch having different 
cxauxpositios anuTv eartick 



(0028) The rural ddrmy assernhfy llOcaabe 
(he liquid source 106 has been ceernrassd. A 



I the same or ad 

produ ces (he same or a different aerosol particle size, can then be insiafled in the 
aerosol generating device. 

[0029] Figure 3 flhtstrates a portioo of Che fluid delivery assembly 1 10. including 
a liquid source 106 and heater unit 130. Launad b supplied ban the liquid source 
106 m the heater unit 130 throogb a Dow passage 130. 

(0030) The liquid source 106 comprises a reservoir 152 for rrauafning a volume 
of tttpnd 133, In an embodiment, the bqmd source 106 has a lapsed capacity for 

doses can be 3 pi doses and the reservoir 132 can be sized to contain multiple 
doses. Preferably, the liquid source can contain from atom 10 doses to about 300 
doses, e.g., 50 to 230 doses. However, rhe dose capacity of the liquid source b 
□ot limited and depends on (he desired dose vo lum e, which can be determined by 
(be desbed anpticznoa of the aerosol generating device. The bqmd contained in 

aerosol generating device to produce a desired aerosol. In a p 



user's hmp in aerosol form 

(0031) The liquid source 106 bxhrdes a flow passage 134. i 
ccsznmmbztsbn from the resemm 132 m the flow passage 130. The aerosol 
generating device 1 00 inrfnrtrs at leas one valve dhprwrrl to control flow of the 
liquid from the liquid source 106 into the beater tmit 1 30. For i nst an c e , the 
aerosol jera^aring device nay rarfede a singk valve (not shown} m coctrol Qow 
of rhe Squid in (ha Bow passage, or a paai&y of valves. In a preferred 
^wimrrn tt» artmai faming device rhefcalea an fcnles vaJve 136 and an 
cadet valve 158. The hues valve 156 b operable to open and dose an inlet of (he 
tto» passage 150. whkh conuub (be supply of bqnid from the Lejoid source 106 
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into the Sow passage 150. The add valve 158 b operable to open cod dose an 
ootid cut of Ox Dow prop 150. which aawb tta isipply of Uqoid from ihe 
flow passage 150 bio 1 heated flow passage. 

[0032) The aerosol genrsatiiuj, device 100 pref(«bJy mcluto » metcrini 
chambg 162 looted m the flow passage 150 between the inlet valve 156 tod the 
ootid valve 153. The marring rhtr^^ 162 b preferably sized to contain a 
predetermined vohrmeof the liquid. For example, the metering chamber can be 
sited to contain a votmnc of (he Uqsid that corresponds to one dose of the 
actosoBxed mOasatm A discharge member 164 can be used to open the 
aster icg r hy^hr 162 during a liquid fining eyde, and to e mp t y the metering 
chamber during a liquid delivery cycle, is described in greater detail below. 
10033) Tbc hem unit 130 of the fluid dtlrmy assembly 1 10 comprise! a heated 
flow passage 160. The flow passage 160 b preferably a capillary sized flow 
passate. referral to hrrcnufkr II a 'capUiry passage.* The capfflary passage 
160 forms a partko of the esaire ftow passage b the eaoscA gencranns device 
100. The capillary passage 160 inchrdc* an open irtid end 166, and an opposite 
open ootid end 168. Dnring cperatsm of ihe aerosol grmcraring device 100, 
liqakl a supplied into the capillary passage 160 at the inlet end 166 from the flow 
passage 150. 

[0034] The capillary passage 160 can have different transvrrae a-axvsectiona] 
shapes, each as round, oval, triangular, square, rectangular, other polygonal 
shxpo. or the like, as weU as other iton-geometric shapes. Different pcrdora of 
the capillary passage can have different cross-sectional shapes. As described 
below, the size of the capillary passage 160 can be defined by fax nansverxe exoss- 
tccocca) area. For a capillary passage 160 having • round cross-section, the size 
of the flow passage may be defined by its diamder. Alrxwuttivery, the capillary 
passage may be non-circular in cross section and the size of the capillary passage 



160 nay be defined by its width. For example, the capillary passage can have a 
maximnm width of 0.01 to 10 mm. preferably 0.05 to 1 mm, and more preferably 
0.1 to 0.5 mm. Alternatively, the capillary passage can be defined by irs 
transverse cross wt i ftnal area, which can be 8 a 10"* to 80 nun 1 , preferably 2 a 
1CT» to 8 a 10-' mn»\ and more preferably 8 * lfr» » 2 x Ifr' mm*. 
[0035] The capillary passage 160 comprises an ootid section, which controls the 
velocity of vapor exiting the outid cod 168 of the capillary passage, Le, the exit 
velocity of Ore vapor. As described below, the particle siie of aerosol generated 
by the aerosol generating device 100 can be controlled by varying the exit velocity 
of the vapor. 

(0036) Figures 6-9 illustrate several embodiments of the ca pi lla r y passag e 260. 
360, 460, 560, respectively. Capillary passage 260 includes an told end 266, aa 
outid cod 268, a first s e c ti on 270, and an outid u^JOini 272. In this c m bo diuKi it , 
the outid s ection 272 has a larger cross- sectional area than the first l ec ti o n 270 of 

For example, capillary passage 260 has a roond crosMectioo. and the ootid 

vapor moves through the first s ect i on 270 at a first velocity and then into the 
outid section 272. b the outid section 272. the velociry of the vapor b reduced 
to a lower velocity than in the first secti o n 270 by the ootid se cti on 272 having a 
largo cross-sectional area than the first section 270. 
[0037] In other ernbodnrretxts, the outlet section can have a smaller cross- 
eoctiooal area than the first se cti on of the capillary passage. For example, the 
capillary passage 360 shown in Fig. 7 includes an rtdd cod 366, an ootid end 



368. a first section 370. and an ootid section 372. The ante section 372 has a 
smaller cross-sectional area than the first section 370. Acandingfy. the ootid 
section 372 in cr ease s the velociry of the vapor to a higher velocity than it has in 
the £Lm sccteoc 370 as lix vapoi car/a in the direction usdxascd by arrow A. 
[0038] Accordingly, by selecting the ams-secricrml area of che cania section, 
the exit velocity of the vapor from the capillary rnuxage b contro lled by either 
increasing or decreasing the vapor velocity to a desired velocity. Consequently, 
the particle size of aerosol produced from vapor by the aerosol generating device 
can also be connoOcd. as described m greater detail below. 
(0039) The capillary passage can bare more than two sections having different 
cross-sectional areas from each aha (not shown), Le, more than ooe te ctiflP that 
acts as an amid h - *" tiT illative to the adjacent upstream ic d ki n as the fhnd 
moves through the capillary passage. For exarnpte, the capillar y pas sag e can 
ss-seunnol areas hum eacl 

s size from (he second sen Inn to the third wvtroo. i.e., fJ 
section. Accordingly, (he velocity of the Quid b c 
as the finid moves from the first sect i on mm the s 
a gafa finj teamed or tlw i rirffE) as d moves from the second section mzo the third 
'"^^tii The exit velociry of the vapor b controlled by the cros9*secunsal area of 
the third sretion, 

[0040] fn capillzry passages 260. 360 shown m Frgnres 6 and 7. the cross- 
sccriocal area of (he first acctioo 270. 370. r espec ti vel y , b corra xm along in 
kurtis, and (he croswectiouaj area of the omha section 272. 372. respectively, b 
also along its length. However, m other frnhiTrtrrnfntt. the ca nfl br y 

e or* or more section**) in which the crosvscctronal area b not 



i imiimi aloog the lrngth of the sccri oofs). For example, Figure 8 shows an 
exemplary " T, ^°^' mynt of the capill ary passage 460 bxahjdjn g i 
472 m which das cros>seoiocal areaof the cm^fflary passage 4 
{increases) aloog its It iigt*t tn a dir ection low aid the outid cod 468. When the 
S ootid section 472 b used, the vapor vctochy through the outid section 472 

depre sses tn tlx flow diicctioo toy die lufow A* Id vflirf cobodiixKOts of 

the ctpillxry pust{c# cfac cttw t-if f t lo ml sres of (be tmtfa^ section csd decrose 
along its length (oot shown) m increa se the exit rclochy of the vapor. 
(0041) In the capillary passage 460 shown in Figure 8, the cross-cecrional flow 

10 trfS Of tft* potion ATi iwJK*« rwmtftnwntl y »W*wg iw Urn^h HOWCVCT. 

the ootid se cti o ns of capillary p«««»g " can have shapes that p rovi de an i*""'^ 

ootid scesioo. For example, as rtrpirtfri tn Figure 9, the capillary pnu g r 560 
can alLisrnlrrcry lave a stepped profile, iocfodiag a portion b the Tiro tcakm 570 

IS having a smaller auss-secriona} area than a ponina in the emtio wcrion 572. tn 
This frn Nw Ihrtm. the "rMri'y of** vwjkw Aramsn m the direaion fartinTrrt by 
arrow A doe to the increasing cross«sectibnal area of the capillary passage. 
[0042] The materia) forming (he capuTary passage can be any snhxhle oxnerial. 
rnr*twHng eDexah, pbsties, polymers, oer ami o. glasses, or corntgnar k wa of these 

ao materials. P ret erahry. tse ooterix) b a hcawesbuun oauerial capabk of 

whijianding the tn nj f i J Tni T f trv 1 p xn ' Mg^ i r 11 ™* in the capillary passage, 
and also resisting the repeated hearing cycles crilized m generate multiple doses of 
aerosol s. In addition, the material Banning the capillary passag e preferably b ooo- 

25 (0043) The capillary passages *60 and 560 showo in Figures 8 and 9 save a cne- 
paeec caaestroction, The capalar y pasxages MO and 360 shown in Figures 6 and 7 
junction, to fffltHfltlinf'"" *^ t ** i>*tnrti> two or pore pm» *, 
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toe pieces can be joined topiher btny wioWenaaoeT. Tbe two or more pieces 
can be raoonWy 01 fixedly attached to each otto. For ejumpte. toe capillary 
passage cm co ccp r te two or note pieces of enhmg. In such e 
Hit of the aptihrj passage defined hi to outlet i 
targe to receive toother tnbe, or (be ooter diameter of (be outlet section can be 
aiffiaemry small m fit wtmmdtt bore of the otirr tube. Any suitable fastening 
materia) can be wed to secure me pieces together and preferably pro ride a fluid 
seal Fcr oaenpie, cry aiable idtorvt eta be cserf far Oib pcipos^ For 
jnini n| ttaima made of man, kwntna teebfltcraa. such as welding, soldering or 
bearing can be used. For other tube material*, any intoble jorniinj rnsttriil or 
eedmiqoc that b ouugaribi e with Cbe tnbe material can be nscd. 
[00441 In t rr**** alternative embodiment, (be capillary passage can be farmed in 
a polymer, glass, metal andto ceramic mooolithic or multUayex Carroiuued) 
structure (not shown). Suitable crrtrrtk m a trr iab for fann ing the capillary 
passage trrr™V but are not Ihrnfrrl m. ihrrntna. tirconia. silica, t himinum 
iflicaie, thania. ytrria-«tarrilixed xiroonia, or mixtures thereof. A capillary passage 
can be fanned in the nw^mBrtrif. or multilayer body by any smtahks technique, 
iiytodtog, for example, machining. moMing. extr rtsinn . or the Uic 
[0045] In ni rt w ^ 'n**"* having ■ nwn dhhie or muhflavcr rtnaacre, the earngary 
parage mc^xto tn ouila seaica havrng » croxs-sccxicn^ flow area effceore a> 
achieve i de sir ed exit velocity of the vapor. For example, tbe structure can 
intrude two separate moiwliibic bodies, intruding a fim cponolutdc body defining 
a first capillary passage, and a se cond monolithic body defining a second capuTary 
passage to flow rnrTrrmrTi ration with me fim c 
central the art vdotiry of the rtpor from tie act 

bare any s 



[0046] The length of the capillary passage bexfualmdastotallengmoflbeocc 

piTfT** 460, 560 shown in Figures 8 and 9, re sp ec ti vely, the respective i ntra 
sections 472, 372 are suf fkir utiy long to de cr ease the velocity of the vapor 
moving in the c a pi llar y passage from a velocity, at which (he vapor moves in the 
first section 470, 570, r e s pec ti vely, to the desired exit velocity at which the vapor 
exits rhe outlet end of (he capillary passage. 

(0047) The fluid supplied from tbe liquid source 106 is heated in (be capillary 

pVT'y ID fa"" * v»prt> during apm***** Of mg MaeoiA flUMinmg dCVICC ICQ. In 

a preferred crnbodtincni shown in Figure 10, the capillar y 160 comprises metal 
tubing betted by passing an electrical current along a length of the capillary via a 
first electro d e 138 and a s e c ond electrode 140. However, as described above, the 
capillary passage can have other alternative construcrjoej, such as a mon o li t hi c or 



materia] positioned to heal the fluid in the e a pflfat y passage. For example, the 



(0048) The capillary passage 160 may comprise an electrically conductive robe 
provided with the electrode 138, which is tbe downstream electrode, and the 
electrode 140, which is the upstream electrode. Both ete cn odes are preferably 

is a controlled temperature profile construction, suc h as dtsrrowri in copending 
f assigned U.S. Aprdkatioa Serial No. 09/957.026. filed 
a 21. 2001, which is incorpo rated herein by reference in its entirely. In 
e profile capillary, the electrode 138 has an electrical 
resistance sufficient to cause a to be heated during crperaaon of the aerosol 
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p-n^mg frorrhy m^ppiing hut to*« « ihe o^Ott md of the qpflhry 

[0049] The tube forming the capillary passage can be made entirety of rsamless 
wed or any otto suitable dcctrically conductive maTfriih. Alternatively, the 
tube can be mw V of a an-axKroctrve or snrri-condocrive mzterial incorporating a 
heater made from an efecericalfy m i yrV' 1 ** material, such as platinum, 

d pesmons along the length of rhe cube m heater 

i. A voltage applied berween rhe two 
efccrrotrj fnxrra beti m ifce toned rrgfcn of chr capillary passage based on the 
resistivity of the rnarertal(s) "wv**fl op (be mbe or beater, and other parameter s 
such as the cross-sectional area and length of me beared regioo section. As tbe 
fluid flows mrongh the capillary passage uut> fiat hearrf 
and second electrodes, the farid is healed and auTrertrd to a vapor. Tbe vapor 
passes from tbe bated region of the capillary passage and exits from me cutlet 
cad. If the vrteilrjed fluid a cntrai 
from me oatta, tbe vohtilired triiid oreferabry ^ 
(hereby farming a rorrtrmrfirrn aerosol In a preferred ernhodhxtenu the MMAD 
of the draplcl size fa 0.3 co 2 J pa. 

[0050} The teraperatnre of tbe tepad in (be capillary passage caa be cahmlrrcd 
rmrrl on thf nrfflrml m resislance «f beting ctanatt. For 

fT«npf» pa* hearing crcmera cm be a portion of a metal mbe. or altomuvcly ■ 
strip or coil of resistance hr*^ material. Control ehxtroosa can be used to 



room 

of (he beam c 



n be based on th e simple principle thai tbe rexfatani 
cases. Aa pono b applied to the 



actual resistance of the heater also increases. When (be power b turned off. (be 
H i up* f W| f* of the beater decreases and coiiespondrngly its resistance decreases. 
Thus, by monitoring a parameter of the beater (e.g., voltage across the heater 
using known current to mV^t*** resistance) and controlling abdication of power. 



a tpecifird r**"*rrr nr f* Tbe use of one or more resistive flrmcra s could also 
be used to asamtnr irun*"""' - °f (he heated liquid in cases where a resistance 
heater b not used to bat the liquid in the capillary passage. 
(0052] Tbe resistance target b sctecttd to correspond to a temperature that b 
s tr flft cl t at to eaose h ea l transfer to the titpiaJ materol aneh tbxs hrpiid is volatilized 
aod expands out the open end of the capillary passage. Tbe control decfjocies 
acrJvares the hrmtng. soch as by appfying for a durarion of rime, poised energy to 



eofdtth 



m e a s ur e d resistance of the beater. In tab ernboc ft n x m, the resistance of rhe bearer 
fa rah r*T"*' by measuring tbe vo&ags across a shunt resistor (not shown) in series 
with tbe beater (to (hereby eamarnine current flowing to the heater) and measuring 
the vohage drop across tbe neater (to thereby determine resis tan ce based on tbe 
e a asaw d vohage and aaian Dowmg through the shunt resetter). To obtain 
corninnona rneasurerncnt, a small "Mnwrftnnwii em he emiimuny passed 
r hr o ug h the tfirrff i* t'T ,n * end he iter far purposes of making me resistance 
^^[HtVm *tv4 [»iK«-i nl hiy^rr enrtoB can be med to effect heatiny of (be beater 

(0O53) If desimt. tftr bratrr f rrfarwr fart ^ fan • munuemtru erf 

f^ i ?i n rt prn' m i (broegh <he hearer, or by other rn^ay eaed to obtain (be same 
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o additional duration of energy basal on ti 
ace target for the better tod t] 



{0064] In ■ developmental model, the duration of power supplied to the beater 
was set at I msec. If (be mcnitttfed rexstuce of (he belter rrrirms as edj ustm c ni 
vibe b lea than the resistance trrget, mother dumkm of energy b supplied to 
(be beater. The tdjustmrd mtur uba into *xcain factors, snch u. for example, 
ben loss of the twatir when cot activated, the error of (be measunng device and 
ibe cyclic period of the oafflroner and swindling device. In effect, hcrmisc the 
resistance of the heater varies is a function of its temperature, resistance control 
can be used to achieve tanperanae control. 

[0055] In embodiments, the capillary passage 160 can be mnstructed of two or 
more pieces of 32 gauge. 304 stainless sted tabing. In this embodinxnt, the 
downstream etectrode can be a 3 J nan length of 29 gauge cubing, while the 
npstrcam electrode nay have any geometry that minimiz es the resistance of the 
electrode, such as goU (An) plated copper (Cb) pins. 

[0056] The control electronics 120 can control the tempe r atur e of the capillary 
passage 1 60 by montorteg the resistance of chc barer used to heat the capillary 
passage 160. To illustrate operation of the aerosol generating device, a target 
tn gpe nmr e for the capillary passage 160 can be about 220*C for purposes of 
vaporizing propylene glycol (PC). In this embodfanem, the measured electrical 
resistance of the heated czpillaiy passage 160 a preferably 0.4 etos fw a target 
temperarure of about 220*C. m order to achieve ■ resistance of 0.4 ohms, the 
control electronics pulses power to the electrode 138. In an embodiment, the 
control electrooio 120 measures voltage and current in order to calculate the 
resistance across a length of (he capillary passage 160. If the control electronics 
de te r min es thai (he resultant resistance b below the target value, the control 



s turns power on tor a selected period of time, e.g>, 1 millisecond. The 
a to repeat (hb process until the target resistance for 
the capillary passage 1 60 b reached. Likewise, if the control electronics 
determines that the resistance b higher than required for the temperature of the 
c a pu Ta r y passage 160, Che control electronics turns off power for • selected period 
of time, e.g., 1 millisecond. 

[0057) In thif rrr|hrtt4i-mTtt jjjg contr ol r^ ^fT' fl kt 120 nuy tTM-frfyfr any 

processor capable of controlling the resistance of the capillary passage 160 via (he 
Lkcuudu 138 and 140, such is i microchip PIC16F877. available from 
Microchip Technology Inc., located in Chandler, Ax, which b programmed in 



[0058] Ai shown in Figures 4 and 5. the pressure tensor 122 b In fluid 
rnrnniunifarifiH with dse mouthpiece 134 vb (be air passage 132. The air passage 
132 i n clude s the sir inlet 124 th r o u g h which anhfaB air within the bcosfng b 
drawn into the air passage 132 by a user inhaling oo the numhpiece 134. In a 
preferred rmhodinmii, the ae r o s ol generating device 100 b acttvated by a user 
tnhiltng on an outkt 144 of the mooihpuxc 134. Thb Iwhtturwyi cantr* a 
differential pressure in the air pas age 132, which b sensed by the pressure tensor 
122. The pressure tensor 122 can be extremely sensitive. For estample, (he 
pressure tensor can be triggered at a selected threshold value of air flow through 
die ib passage 132. for example, as tow is shorn 3 Utera/min. Thb value equals 
teas dan about 1/10 of (he typical burnan bthtbtinn Bow rate. Accordingly, the 
u s er can trigger (he pressure tensor without wasting appre ciable hug volume, 
[0059] Alternatively, the fluid delivery assembly 1 10 can be activated by a user 
128. 

r 122 or switch 128 activates (he fluid delivery 
assembly 1 10 to cause liquid 133 (e.g.. liquid m»dir » mpTit including ■ drug and 
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Uqukl carrier) to flow from the liquid source 106 to the capillary passage 160 of 
the heater unit 130. Toe fmid b heated a (he capillary passage 160 by the heater 
Co ft irrffir ifT ftty hfjft tempcrunrc to vzporixc tfrc Ti^ t iti. Aiobitni sir Is delivered 
through the lb passage 132 to a region 146 p t oilmaa to the outlet end of the 
capillary passage, at which Che vapor b admixed with the ambient air to produce 



[0061] In alternative "w*wwtini»nT< a pressurized lb source c 
aerosol generating device to provide dilution an to mix with the aerosol. For 
example, the pressurized air source can be a compressed air source l t d. a m i within 
the aerosol zrnrrtm^ device {not shown), a faa/btowcr tn flow air into rbe 
mouthpiece, or any other suitable device. 

[0062] The control electronics 120 can perform various selected functions in the 
aerosol generating device 100. For example, the control electronics 120 can 
control the tennxratnre profikoftecarjuTny passage 1M 
aerosol gererztmg device 100. The control clrffronics 120 can also control the 
outpctof the display 114. The display b preferably a liquid crystal display 
(LCD). The display can depict SfWrnl mfbrmation pertaining to the u m dit ron or 
operation of the aerosol generality device 1 00. The control ctecr j onirs can also 
control the operati on of the inlet valve 156, discharge member 164 end outlet 
varve 158 dnrint c ic wji ii on of the aerosol generating device 100: monitor the 
'"'tii^ pHvr* drop caused by nth ahi o oo and iftiwl by me pressure Uiksiu 122; 
and n rm rtnr the eoerfitjen of the banr7y mnJ 116 that provides etectrical power Co 

[0063] hi the embodiment shown in figure 4. the battery una 116 can be. far 
example, a rechargeable battery, such as 1 6 voh nickel metal hydri d e (NiMH) 
b attery pact n xhafing t n bhjpfc crib tn rhfa QBhtafime m, the barm y mat 

s natfple bzneries (eg.. Sanyo HF-CIU. 600 mAb NiMH baorries) m 



series, which provides s uf fi cien t energy to operate the aerosol generating device 
for delivery of at least 100 doses of 3 pi volumes of medli j»if m. The battery unit 
is preferably rechargeable via the charging jaci 1 18. The battery unit provides 
powtx co MHiijHflnftp of the aeros o l generating device (e.g.. the control etecooBica 
120. px e ssur e sessor 122. etc.) and the master on/off switch. 
[0064) The T*?** on/off switch controls powering up and powering down of the 
aerosol gerjeralhuj device 100 during operation. The master on/off switch also 
activates the display 114. In in embodiment, the display provides btfonnarjoo 

106, a faihn-e of the beans- tmil 130, and a detected tow voltege condaion of the 
battery anil 116. The cootecd electronics 120 can also include funcDonaliry vu the 

[0065] During operation of the aer o sol generating device 100, a user removes the 

enouthptepe 134. The user activates switch 128, o 
which r,M| ** a pressure drop in (he interior of the mouthpiece. Thb p 
drop b detected by the pressure irranr 122, which Chen sends a abmsl to a 
a' i hiws ^^* t^^ y ^d in (he control elecrrouies 120, which operates the fluid delivery 
assembly 110. 

[0066] The raarmg chrxier 162 b tiled tod exnpued by a rmarion of the 
discharge e aer ab er 164. Off?™; <rf the discharge m emb e r 164 with rhe batet varve 
156 dosed tixi ibe aaia nlvc 1 S3 opened em^ia tkpxkl b the metrrkx cfxnsbcr 
162. which forces Ikprid presem in the flow passage 150 downstream of the 
cxtrxiag ^mfrr into the apilbny passage 160. Toe metering chamber 162 
ensures that a desired vobime crf&mkJ in izrosol form bdeijvered by (he aerosol 
generating device 100 to the user. Then 
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vofameof. eg.. 5*1. However, the cwering chimbei can have any desired 
relume deporting upon the tpplialioc of the tcroiol ^aicrtting device 100. 
Afta ddhrny of tie desirtd wfame of the mcdrcansaa to the capilhuy passage 
160. the mom valve 158 b dosed, and the flow passage ISO a refilled wuh Liquid 
from tbc Uqtud coerce 106. 

(0067] During t fill cycle of the acrosoJ gene rat ing device IX. the mooring 
chamber 162 u filled with liquid from the liquid source 106. During tie fill 
cycle, the old valve L96 is opened aad tbc outlet valve 138 b closed, while the 
^^rrh^ry. mftnhgr 164 li opened tp allow tbe liquid to fin the meterici chamber 
162. 

[0068] Daring delivery of the liquid to the apffliry passage 160, the inlet valve 
136 is dosed. As the inlet valve 156 closes, the cedes valve 158 b opened, while 
the discharge tnember 164 b closed to empty the nitteriag chamber 162 (bree 
lipid from the flow passage 150 into the beetr** capillary passage 160. 
[0069] Lknnd flows thrcogh the heated capillaTy passage 160 and exits from the 
oudet seaton a i vapor . At tbe exit of tbe capillary passage 160, ambient air 
provided vii the air passage 132 admixes with vapcj » ftmn an aerosol soch as a 

[0070] As described farther below, me partide size of tbe aerosol can be 
controlled by sckcaon of the size of the omlet section of the capillary passage. 
The KTOSol generating device can also produce acrosob with bigb number 
c o cc enira nom. Preferably, the aerosol particles have a MMAD between about 
0.5 pm and tboul 2.5 pm. As described above, the acrosoJ generating device can 
provide aerosols having a conrjifled pardcte ^ 
rargettd delivery of dregs to the tang. These aerosols offer » irmxiber of 
advantages for delivering drags to tbe deep tang. For example, n 
I. while deposition in the deep tang b n 



especially when combined with i bream bold. Moreover, when using * suitable 
bydropbilic earner, dep osition may be farther mh a nrirl by hygroscopic growth. 
[0071) Tbe aerosol geaenriug device preferably generates acrosob in which 95% 
of the aerosol particles (aerosol dropfoo) arc in the range between about 0 Ji pm to 
about 2Jpm. The aerosol generating device preferably faccu potato a processor 
chip far controlling the generation process. Tbe processor, with suitable sensors* 
also triggers tbc aerosol generation at any desired time daring an mhabtion. The 
drag to be aerosolized b provided with a carrier. By the choice of tunable 
hydrophOlc carriers, the aerosol generating device can take advantage of 



[0072] Operation of (he preferred aerosol generating device for delivering 
aerosolized medicament! b as follows. First, a {moid carrier U delivered to the 
beared capillary passage along wia a drag. Tbc liquid v aporize s in the capillary 
passage and exits as a vapor jet from the open end of the capillary passage. The 
vapor jet eorrams and mixes with ambient air and forms an aerosol, e.g., the 

described above. sppUcsnno of beat Co vzporize the liquid b typically achie ved by 
resistive h^*tfag from p^Tt^^g so electric conem through the beater. Tbe applied 
power b ad justed to maximize the conversion of the fluid into a vapor. 
[0073] The aerosol generating device can farm aerosob over a range of flnid 
flow rates dependent on the size of the capillary passage and the power avaibbie 
to vaporize tbe liquid. A liquid that may be used to detnonstrate aerosol 
generation for drug delivery is propylene glycol (PC) obtained as USP grade 
(CAS § 57-55-6) from Fbber Scientific in Atlanta, Ga. PG has a boiling point of 
I89°C and a density of 1.096 g/mL. Sotate c a mpoends used as modeh foe drugs 
include tripbeoyttjxeibane (CAS i 519-73-3) and ofayl alcohol (OA) (CAS #143- 
28-2) also available from Fisher Sdentifie in Atlanta, Ga. 
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[0074] Adding a lofate, such as a drug, to PG can change the cond ensati on 
process because the sosae may act as nucleating agent for the PG. If (he sotstc 
has a vapor pressure similar to the PG. tbe solute condenses in the aerosol at tbc 
t«m> trrrv r>^ tbc pG condenses. 

[0075) la as exemplary frn***tinww fa which rise sohae b less volatile than PG. 
the rotate may son the condensation process exrty and serve as a mwlratrng agent 
far Bihr T^t u P^r «»»tw*w<tati<ifi fa rhb embodiment, a difference between the 
chemical dbuuxuina of (he solute and (he mass dismhmion of rhe overall aerosol 

. Tba rmnifefls itself in different MMADs far the sofate and the PG: 
r, one aerosol b produced having a 
d campcahica as a functioo of size. The MMADs can be a 
tohur 

[0076) AswiDbeai 

comroDed vapujLmion and aer osol irari on of drag fi 
g fT Hrrri ff g device can provide uiimediitc delivery of aerosol to a pattern, thereby 
om wasting hmg capacny. which may be limned due co the health of the pariea. 
Abo, tbe aerosol generating device can provide consistent delivery of comroDed 

Egn pfc i 

[0077] Tests were {TTr /WTf ' H to dcrncsntrate (hat the exit vdociry of vapor from 
tt* cqnltny pxnige of che aerosol i^ncrating device b rrtunl to the partide rizr 
of (he aerosol thai b fanned from tbe vapor. Capillaries A. B and C. each having 
a rabcto enrnTjtcnon and having respective capHhgy passage oomrnxl dharaam 
rf0.15n^a22mmsnd0.27c=m, »ttc tised m farm aerosob. Capaflaries A, 
Band Cdaleainefade aoomto seeri^ 

[00781 Aerosob were generaredbTAlW^ caing capillaries 

A.BandC Frrme II shows me rrlaricaxshfa between the MMAD of Che a 



carticks and the mvcrse of the exn 

passage for capillaries A. B and C. As shown, far each of the three capillary 
passage diarneters. the MMAD of the aerosol particles increased linearly who (he 
inverse of the exit vetocny. i.e. . a decrease in the exit vetociry. These 
expcrirnenotl results demonstrate that by controlling the exit vetociry of the vapor, 
(he particle rise of the acrosofa can beco ntto fl ed 

F»lTTTpt»2 

(0079) Tests were also | f l ffM i n *** 03 itn\^'lW a, * (be f ffrei of —M* 1 ^ an outlet 
tecbon to (be capfflary passage oa the aerosol particle site. Capillaries D. E and 
F having a mbdxr construction were used. Capillary O did not rncfade an cutlet 
tret fan and had a capillary passage nominal diameter of 0.22 mm. Capillary E 
inctaded a first section (piece) of capillary of me same capillary passage cUameter 
as capillary O, and u ootid section in the form of a capillary orbe having a larger 
capillary passage ocaninal Mimrrrr of 0.4 mm secured to the first section to form 



260 shown fa Figure 6. Capillary F odnded a first 
capillary pxir? gr diameter of 0.15 mm and an ouda 
nominal capillary passage diameter of 0.27 1 
I shows tittcfiarams erf Ok cap first sectio n and the cctla 

seeians. and rxss twaJ le^ 
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TABLE 1 



Cipfltoy 


Fbs Section 
Capillary Passage 
Disnrtrr 

(cam) 


Ootid section 
Capillary Passage 

DilTHftfT 

(mm) 


Cipilliry Lenjth 

(nun) 


D 


0.22 




24 


E 


0.23 


0.4 


24 


F 


0.13 


0.27 


24 



[0080) A baser was positioned relative co the capillary passage of capillaries D, 
E tod F to ben final ntjodoccd into tbc capillary passage to a sufficKuily high 
tnnpenxun: a vaporize Cbe liquid. Tbe liquid used was propyieor glycol 
3 of cteyt alcohol. The Dqsid was vaporized in 

ween tbe MMAD of (be aerosol 
particta of lbs gaserated acrosob and tbe exit vdtcity of ibe 0^ (wpw) exiiiag 



[0081) Figura 12 tad 13 show the test results, figure 12 i 
relationship between tbe MMAD of aerosolized propylene glycol (PC) having 
various percentages of okyt alcohol to Ac propylene glycol. Ai shown in Figure 
12, capillary E including tbe largest diameter capillary passage outlet section 
produced tbc largest MMAD tor tbe aerosolized liquid, while capillary D without 
an win section prod u ced (be smallest MMAD. Also, for each of tbe capillaries 
D. E and F, ibe MMAD decreased significantly as tbe oteyl alcohol content varied 
from Oft to 10%. but did not significantly change at higher oteyl aJcobol contents. 

(0082) Figure 13 illustrates tbe relationship between (he MMAD of aerosolized 
cdeylaicobol(OA)mPOindvajia»p As 
shown in Figure 13, capDlary E also produced the largest MMAD for tbe 
aerosolized liquid, while capillary D produced the smallest \ 
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(0083] Accordingly, tbe results clearly d 
outlet section in tbe capflhry passage, (be particle size of the aerosol can be 
controlled. Further, by nry mg tbe size of the flow pa ss ag e defined by the outlet 
seed on. the aerosol part fcta size can be further co u rt oiled. 
I^XBpr nfe 3 

[0084] A one-piece capillary C having ■ constant diameter and a one-piece 
capillary H having a configuration similar to the capjUzxy passage 560 shown in 
Figure 9 were tested to farther danonstme the effect of the outlet section on the 

Capillary H rn crudtd a first section having a ca pill ary p as s agn nomin al riiUYtftrt of 
0.22 mm and an outlet s ect i on at tbe outlet end having a capi ll ary passag e 
dhuTtfirr larger than 0.22 nun. For capillary G, tbe measured MMAD values for 
the aerosol particles ranged from about 1.1 to ibout 1.3 microns. For cap ill a r y 
H. the measured MMAD values for tbe aerosol particles ranged from about 2.2 to 

(0085) Tbe shove-described exemplary modes of carrying oat die invention are 
not in'nrf"^ to be tbTrft rug. It win be apparent to those of Ordinary skill In (he an 
that modifications thereto can be made without departure from the spirit and scope 
of (he inv cxff tca as set fwiL in the atitmnpAiiyuig clftlii i s . For instance, while a 
hf itn! capillary tube has been described as tbe preferred construction of tbe 

\ (he ca p illar y pa ss age can co mpri se one or more channels to a 

, a p as s ag e having a heater l o c a ted Inside the passage, c oa xial 



WHAT IS PACKED IS; 

1. An aerosol generating device, comprising: 



e to fbtid ccamunBtcetjoB with the liquid source, tbe flow 
5 passage including an flutlff sect too having an fltrtfrt end^ and 

• beater disposed to beat liquid to a heated portion of the Row passage to 
produce a vapor; 

Or pm3fl fffxton is cosdtgstrccl m change the vesocny of the vapor to tbs 
fkr» pmage such chat vapor exits the outlet end of tbc collet section at a 



2. The aerosol generating device of Oaim 1, whereto the outlet 
section ef the Oow passage is configured to (0 increase the exit velocity of (he 
rtpoi uxb t*cu i can cxm KTxxtjnx^uL diinxta of aerosol partJcSn o 
15 decreased, or< u) decrease the ah veiociry of the vapor roch tha the mm meal 



3. The aerosol generating device of Claim 1 , whereto the cutlet 
section b s material selected from gronp consisting of meeds, ptasUca. polymers, 
20 ceramics, glasses, and e c an h toa n 



4. The aerosol gcrjcrattog device of Claim 1, wherein the outset 
section b a different material (ban a portion of (be flow passage adjacent to the 



3. Tbe aerosol generating drTOcJOahn 1. whera rheoaza 
d "a joined Co a portion of the flow passage adjacent to the odlo tstion. 



6. Tbe aefosol gram ring device 
a round or a i 



7. The aerosol grnrrrtiag device of Qatm 1. wherein (he flow passage 
rn a rc tkm from 'N* astlet rm ifrn. the first ******** h»« (!) a 



fwp]W rmm trrt iTnil flow area than a cross-cectional flow area of (be outlet 
m thpit. or (E) a greater crosa-cectJQnal flow area Chan tbe cross-^ocdonal flow 



B. The aerosol grne raring device of Claim 1, wherein the flow passage 



9. The a 



i drvice of Claim I. wberrin the outlet 



J flow area which varies along a length of the cutset 



10. Tbe aerosol gt mining device of Oaths 9, wheresn (he 
sal flow area of the ccala section varies oontirmomrj 

20 along the Icng lh of the OBtlet section 

11. Tht tiTDSol gmmr±ag clrricc cf Claim 1 . wherein tht 
b a capillary sized Row p a s s ag e . 

25 12. Tbc aerosol f rre r a irrg drvkx of CUim J . ftinba cenprismj; 
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• coaroUa operable to deliver power from tbe power wpply u> the better 
so as to mjidiia (be better it a temperature range effective to vaporize (be liquid 
in He flow passag e . 

13. Tbe aerosol generating device of Claim 12, farther comprising it 
least one vilvc disposed betw ee n die liquid source and foe flow passage, die 
eontroQer bang operable to annate the valve to open and close the flow passage to 
control How of the liquid from tbe liquid looxte to the flow passage. 

14. Tbe aerosol generating device of Qahn 11, farther comprising: 

a axM±pxxx through wtu± the aerosol is inhaled by i user of the aerosol 



an air passage through which >iz is supplied into the mouthpiece; and 

i valve which opens and closes (he sir p a ss ag e ; 

wherein the coatroUer b operable to actuate the valve withio i 
predetermined time period after the pressure se n sor drtrcts a pressure drop in the 
mouthpiece as (he user inhales on the mo u t hpi e ce to allow air to be supplied to be 

15. The aerosol gen era t ing device of Claim I, wherein the Row passage 
cc u np riso a mewing chamber having a predetennined volume, and (be aerosol 
generating device irrrpppy* ■ discharge member operable to deliver an amount of 
tbe Ikprid equal to (he predetermined volume into the heated portion of tbe flow 



16. The a 
comprises a drug and a carrier. 

17. Tbe aerosol generating device of r^i'm 1 , which is a hand held 

inhaler. 

18. The aerosol generating device of Claim 1 , wherein the liquid 
source, flow passage tod beater comprise a fluid delivery assembly which is 
removably attached to the aerosol gfofratlng device. 
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19. A m eth od of generating to aerosol, comprising: 

(a) supplying a liquid from a lapud source to ■ flow passage including 
en cutlet section having en outlet end; 

(b) healing liquid in t portion of the flow p assag e to produce a vapor; 
IS (c) changing tbe velocity of (he vapor to (he outlet sec ti on such that the 

vapor exits the outlet end of the outlet section at t controlled exit velocity! and 
(d) admixing the vapor with air to produce an aerosol. 

20. The method of Claim 19, wherein (c) comprises controlling the exit 
20 velocity of the vapor from (be outlet end of the outlet section to produce aerosol 



21. The method of Chum 19. comprising changing the velocity of tbe 
vapor in (he outlet section to 0) increase (be exit velocity of the vapor such (hat a 
mass mft j u i aerodynamic d ii i i wu i of aerosol particles of the aerosol b d 
or (u) decrease the exit vetochy of the vapor such that the mass m 
diameter of aerosol particles is increased. 
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22. The method of Qtim 19, wherein aerosol particles of tbe aerosol 
have s mass mean tcrodynamie diameter of less than 2.5 microns. 

23. Tbe method of Claim 19, wherein the flow passtge is a capillary 



24. The method of Claim 19, farther compri sing rramtainmg the healer 
at a tfhctfd t mn-r rang e r*"T ypw^M rhg Uerajfl in tbe bested portion of tbe 



e of the liquid to produce the vapor. 
15 

26. The method of Claim 23. farther comprising: 

<v«»~rting a prepare drop in a tnonthp iece of tbe aerosol g enerating device 
cau s ed by a user i n h a lin g on the i i aa nh p ice e; 

supplying the predetermined volume of (be liquid into (be heated portion of 

20 fhg flow f*ilH?ff f iir+rr*T*£ the ptff mf ^ rr t r i Pd 

delivering die aerosol to the user through (be fnouibpicce. 

27. The method of O'fr " 19. comprising p the aerosol 



29. The method of Claim 19, farther comprising: 

performing (aHd) using a fast fluid delivery assembly: 

removing the first fluid delivery assembly frost (he aerosol gi mutin g 



attirrhmg a se c on d fluid delivery assembly to the terc 

g (aHd) using tbe second fluid delivery assembly, 



30. The method of Claim 29. wherein the first Quid delivery assembly 
supplies a first liquid, and tbe second fluid delivery assembly uipplio a second 
liquid different from the first liquid. 

mrmirnr^ particles having a first mass mean aerodynamic diameter with tbe first 
fluid delivery assembly, and producing a s econd a n o so l i *m uinlrt g panic In 



28. The method of dim 19. wherein the liquid comprise! a drug and a 



mean aerodynamic diameter with tbe second fhnd delivery 

32. Tbe method of Oh w 29. wh er e in (be first fluid delivery assembly 
comp ris es a first outlet tm'rfn having a first outlet cod with a first cross- sectional 

section having a second pedes end with a nwwl cross- sen i nn i I flow area 
different from the first cross* acrmral area. 

33. The arrosol gen aiilug device of Oiirn 1. wherein ihe flow passage 
has a rnaxiznmn width of from 0.05 mm to I mm. 
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14. The •rod feamtiiij device of CUim 1. whcrem the flow passage 
his i length of from 0 .5 cm to 10 cm. 

35. The aerosol generating device of Claim 1, wherein the Dow 
5 Is aptnary tired ml empris es ■ capflhry tube a mmmUthic body, or a 



36. The aerosol generating device of Claim 1, wherein the flow passage 



37. Tbe lenaol gcnmlmg device of Chun |. wtercro tbc flow pasiage 
comprises a ftm section attached to the outlet tectioo. 

38. Aa aerosol generating device, connoting: 

15 a capillary sued flow passage adapted to be in fluid eonmmfficatka win a 

liquid source, the flow passage try ^'"g a fint section tmstttatfl from in o crrtet 
secdoa having aa outlet end; and 

i hrfw disposed to heal lapiid in the flow passage to produce a vapor, 
the outlet section having a craa-cectboal flow area thai b (0 smaller than 
20 i crou-tectioGaJ flow area of the fiwt section, or 00 larger than the crass* 

sectional flow area of the fir* section, the coto sectkio ehai^ the velocity of 
the vapor hi the flow passage such that vapor exits the outlet end ma controlled 
exit velocity and farms an aerosol. 



25 39. The aerosol generating device of CUim 38. fi 

bqmd spare* in fttrid coinnmmcatio n with the flow passage, wherein the flow 
passage has a m^*""™ width of from 0.05 mm to I mm. 
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40. The aerosol generating device of Claim 38, 
passage has a length of from 0.3 cm to 10 cm. 



whereto the flow 



41. The aerosol generating device of Claim 38, 
5 passage comprises a capillary tube or a multilayer mixture. 



42. The aerosol generating device of Claim 38. 
has a 



wherein the flow 



10 43. The aerosol generating device of Chum 38. wherein d 

section Is removably or fixedly anacbed to the first section. 



44. The aerosol generating device of Claim 38. wherein 
sectional flow area of the outlet sectim vro contbnmoaly « 
13 along a length of the outlet section. 




FIG. 3 
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